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NATIONAL AERO~UTICS AND SPACE ALMIMSTRATION 

TECHRICAL NOTE D-1727 

ExpERlMEmTAL ENALUATION OF LIQUID-FLUORINE 

By Richard L. DeWitt and Harold W. Schmidt 

A prototype "quick-disconnect" coupling f o r  ground-to-vehicle t r a n s f e r  of 
l i qu id  f luorine was  designed, developed, and successfully tes ted.  Operational 
fea tures  of  t h i s  hardware include remote pos i t ive  control  of l iquid-f luorine flow 
during the  t r a n s f e r  operation, remote connection and separation capabi l i t i es ,  
negl igible  l iquid-f luorine sp i l lage  upon disconnection of the  coupling, and re- 
mote reconnection and reuse capabi l i ty  i f  an abort condition a r i s e s  a f t e r  t he  
i n i t i a l  coupling separation has been made. The design proved sa t i s f ac to ry  at 
flow r a t e s  up t o  2.5 pounds per  second and pressure d i f f e r e n t i a l s  up t o  23 pounds 
per  square inch. 

One commercially avai lable  rotating-vane flowmeter was  a l so  tes ted .  Opera- 
t i o n  of t h e  meter was  s a t i s f ac to ry  at l iquid-f luorine flow r a t e s  up t o  3.5 pounds 
per  second and pressures up t o  60 pounds per  square inch absolute. 
s ign t h a t  employed a sof t - sea l  mater ia l  at  the  flow shutoff i n t e r f ace  w a s  suc- 
cess fu l ly  tested with l i q u i d  f luor ine  a t  f l o w  r a t e s  up t o  2 pounds per  second and 
i n l e t  pressues up t o  97 pounds per square inch absolute. 
valve design a c m p a t i b i l i t y  invest igat ion under dynamic l iquid-f luorine condi- 
t i ons  was  conducted on s i x  sof t -seal  materials.  
f luor ina ted  p l a s t i c s  . 

A valve de- 

I n  support of t h i s  

The mater ia ls  t e s t e d  were mainly 

The s t a t e  of t h e  art  of handling l i q u i d  f luor ine  i s  s u f f i c i e n t l y  advanced 
f o r  rocket application. To date, thousands of man hours of  accident-free re- 
search and indus t r i a l  work with f luor ine  a t t e s t  t o  this f a c t  ( re f .  1). 
r i n e  i s  t o  become a propellant f o r  fu ture  space vehicles, however, i t s  adapt- 
a b i l i t y  t o  ex is t ing  launch complexes i s  important. 

If fluo- 

The inves t iga t ion  reported herein was  undertaken primarily t o  design, de3 
velop, and t e s t  prototype f l i g h t  hardware t o  be used i n  systems f o r  t h e  safe  
ground-to-vehicle t r a n s f e r  of l i q u i d  f luor ine  and secondarily t o  t e s t  t h e  cm-  
p a t i b i l i t y  of l i q u i d  f luor ine  with the  materials and fabr ica t ion  techniques used 
i n  construction of t h e  hardware. 
disconnect" coupling and a valve, which were designed and fabricated at t h e  
Lewis Research Center, and a commercially procured rotating-vane flowmeter. 

The prototype hardware consisted of a "quick- 



The design and t e s t i n g  of t he  quick-disconnect coupling were guided by t he  
following basic c r i t e r i a :  

(1) Remote pos i t ive  control of l iquid-fluorine flow through the  coupling 

( 2 )  Remote control  of connection and separation of the coupling from the  
launch vehicle  

(3) Capabi l i t ies  f o r  reconnection and reuse of the  coupling i f  an abort con- 
d i t i o n  a r i s e s  a f t e r  i t s  i n i t i a l  disconnection 

(4)  Negligible l iquid-f luorine sp i l lage  upon disconnection of t he  coupling 

(5) Negligible leakage of t h e  in t e rna l  valving of t he  coupling a f t e r  i t s  
separation from the  launch vehicle 

The major problem i n  the  design and t e s t i n g  of t he  prototype valve w a s  t h e  selec- 
t i o n  of su i tab le  s o f t  materials f o r  valve sea ts  and seals.  This necessi ta ted a 
compatibil i ty invest igat ion of several  sof t  materials under l iquid-f luorine flow 
conditions. Because of  t he  r e s u l t s  of previous compatibility work ( r e f .  2), t h i s  
inves t iga t ion  dea l t  mainly with f luorinated p las t ics .  

APPARATUS 

The t e s t  i n s t a l l a t i o n  consisted of an overa l l  containment vessel, a closed- 
loop cold flow system, and a destruct ive t e s t i n g  closet .  
t h e  i n s t a l l a t i o n  i s  shown i n  f igure  1. 

A phantom drawing of 

Containment Ve s s e l  

The containment vesse l  w a s  a spherical  s t e e l  t ank  38 f e e t  i n  diameter having 
a 6-foot-diameter entrance, which could be sealed during runs. The sphere was 

1 
equipped with an exhaust blower, a 15-foot-diameter valve f o r  purging, and a 

valved exhaust connection t o  a charcoal reactor.  

Closet 

The destruct ive t e s t i n g  closet,  i n  which all tes t  configurations were run, 
w a s  a s m a l l  enclosure with a height of 10 feet ,  a width of 9 fee t ,  and an average 
depth of 7 f ee t .  
s p i l l s  r e su l t i ng  from a destruct ive t e s t  of the  mater ia l  o r  component under in- 
vestigation. 
viewed on closed-circuit  t e l ev i s ion  and t o  be recorded by a motion-picture cam- 
era. 
connection t o  a charcoal reactor.  

This  roam served as an in i t ia l  container for any f luorine 

Two portholes i n  the  outside w a l l  allowed t h e  experiment t o  be 

The c lose t  w a s  a l so  equipped with a nitrogen gas purge and a valved exhaust 
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I Main Flow System 
I 
I 

A diagrammatic sketch of the  f l o w  system i s  presented i n  f igure  2. The 
f luorine system consisted of t w o  7.9-cubic-foot s ta in less -s tee l  "battleship"- 
type tanks submerged i n  a l iquid-nitrogen bath. Each t a n k  had separate capa- 
b i l i t i e s  f o r  being f i l l e d ,  pressurized, and vented. The tanks were connected by 
t w o  separate flow paths; each of these contained flanged removable sections f o r  
t e s t  purposes. The f l o w  path containing the  secondary t e s t  sect ion was  submerged 
i n  l i qu id  nitrogen. The main t e s t i n g  path was exposed t o  ambient conditions ex- 
cept at i t s  junctions with t h e  ba t t l e sh ip  tanks. All permanent l i n e s  were fab- 
r i ca t ed  by the  standard he l i a rc  welding technique. 
ing w a s  made on j o i n t s  between valves and flow l ines .  All welded or brazed con- 
nections were X-rayed t o  ensure good qual i ty  and t o  guard against  possible f a i l -  
ures. System servicing l i n e s  such as f i l l ,  pressurizing, vent, purge, and in-  
strumentation l i n e s  were copper or s ta in less -s tee l  tubing. 
t r i c a l  sa fe ty  system w a s  incorporated by wrapping the  t e s t  configuration i n  t h e  
main t e s t  sect ion with wire. I f  a burnout occurred, the  wire would be burned 
throughj i t s  c i r c u i t  would be broken, valves M-1 and M-2 would close, and t h e  
main t e s t  sect ion would be i so l a t ed  from the  ba t t l e sh ip  tanks. All valves i n  t h e  
system were remotely control led during runs. 

Ektensive use of socket braz- 

During runs, an elec- 

Instrumentation 

The loca t ion  of permanent instrumentation i s  a l s o  shown i n  f igure  2. The 
instrumentation shown w a s  supplemented by additional equipment (see t a b l e  I) as 
t e s t  configurations i n  the  main t e s t  sect ion necessitated. 
all measurements were recorded on a direct-reading oscillograph. 
measured. with strain-gage transducers) temperatures were measured with shielded 
copper-constantan thermocouples. Flow ra t e s  were measured with a ventur i  and a 
d i f f e r e n t i a l  pressure transducer. 

Time h i s to r i e s  of 
Pressures were 

TEST COmF?(foRATIORS 

Quick- D i  sconnect Coupling 

A cutaway view of the  quick-disconnect coupling i n  i t s  connected phase i s  
All component p a r t s  of both the  ground ha l f  and the ve- shown i n  f igure  3(a). 

h i c l e  half  of t h e  coupling are  noted. 
t he  disconnected phase, through the  mating and locking operation, t o  t h e  opening 
of t he  valving of t he  coupling i s  shown i n  f igures  3(b) t o  (d). During the  t e s t -  
ing period, all movement of t he  dr iver  (B) as well as separation and remating of 
t he  halves of t h e  coupling were accomplished by means of external  pneumatic cyl- 

Also, a sequence covering t h e  s teps  from 

, inders and simple l eve r  arrangements. 

To commence the  connection phase, a rearward movement of t he  driver (B) 
r e l a t i v e  t o  the  ground-half housing (Q) spreads t h e  locking f ingers  (C) (fig. 
3(b)).  Both halves of t h e  coupling are then d i n e d  and mated. F i n d l y ,  a for- 
ward  movement of the  d r ive r  arrangement closes t h e  f ingers  around t h e  vehicle 
half  ( f ig .  3(c)) .  To have continued pos i t ive  contact between t h e  halves, it i s  

3 
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necessary t o  maintain the  dr iver  i n  t h i s  forward posit ion.  

The coupling valving i s  opened by introducing pressurized gas i n t o  the  cham- 
The force developed moves the  concentric s l i d e r  ber  (A) of t h e  ground ha l f .  

r ing  (0) downstream and r a i se s  the  ground-half trim (M) from i t s  sea t  (D) . 
t he  ground-half trim continues i t s  movement, it bears against  the  trim (E) of 
the  vehicle ha l f  of the  coupling and forces  i t  from i t s  sea t  (I). 
ground-half and the  vehicle-half loading springs ( N  and G, respectively) a re  com- 
pressed by the  operation, which gives the  poten t ia l  of a pos i t ive  shutdown i n  
case of a pressurizing gas f a i lu re .  The coupling open f o r  f l o w  i s  shown i n  f ig-  
ure 3(d).  

As 

Both the  

During l iquid-f luorine t r ans fe r  through the coupling, external  leakage i s  
prevented by a combination of the  s t a t i c  labyrinth gr ip  (formed by t h e  in t e r -  
meshing faces of t h e  two halves) and the  inner and outer V-ring sea ls  (J and L, 
respect ively) .  
gasify i n  the  cavi ty  between the  labyr in th  faces and t he  outer  V-ring seal .  Be- 
cause of t he  or ien ta t ion  of the  V-ring sea ls  (see f i g .  3 ( a ) ) ,  any pressure build- 
up i n  the  cavi ty  could not exceed that of t he  l iquid-f luorine t r ans fe r  pressure 
within the f l o w  passage. An excess of the cavity pressure over the transfer 
pressure would cause leakage i n  a reverse d i rec t ion  (e. g., back i n t o  t h e  f luor ine  
flow passage). 

Any cryogenic l i q u i d  leakage past  the  inner s e a l  i s  allowed t o  

The coupling valving i s  closed by venting the  chamber ( A )  of t h e  ground half  
and allowing t h e  loading springs i n  both halves t o  s e a l  t h e i r  respect ive t r i m s  
( f i g .  3 (c ) ) .  Separation of t he  two halves of the  coupling i s  accomplished by a 
rearward movement of t he  dr iver  ( B )  t o  spread the  locking f inge r s  and a f i n a l  
rearward movement of t he  e n t i r e  ground half  ( f ig .  3 (b ) ) .  

Commercial Flowmeter 

A 1-inch rotating-vane commercial flowmeter was  t e s t ed  t o  determine t h e  
compatibil i ty and du rab i l i t y  of i t s  i n t e r n a l  design under exposure t o  a l iquid-  
f luor ine  environment. Sapphire r ing  jewels were used as supports f o r  t h e  
s t a in l e s s - s t ee l  rotor.  

Soft-Seal Valve 

A cutaway of t h e  valve in  i t s  open posi t ion i s  shown i n  f igure  4(a);  i n  
A addition, t he  sequence of i t s  operation i s  shown i n  f igures  4(b) t o  (a). 

standard commercial control lable  valve actuator  and housing were used f o r  t h e  
t e s t i n g .  In  operation, l iquid-f luorine flow was directed over the  sof t - sea l  ma- 
t e r i a l  ( B )  through the  bellows flow passage ( C )  t o  the  valve housing exhaust port  
( f i g .  4(b)). 
plug (D) contacted the  inner  met& sea t  (A) and shut o f f  t he  bulk of f luorine 
f l o w  ( f ig .  4(c)) .  
shutoff cap (E) t o  contact t he  so f t  s ea l  (B) and completely close the  valve t o  
f luor ine  flow ( f ig .  4 ( d ) ) .  
off cap and t h e  hemispherical plug w a s  then allowed t o  gasify. 

As  t he  t r i m  group was lowered, the  spring-loaded hemispherical 

Continued downwazd movement of t he  t r i m  group allowed the  

Any of  t he  cryogenic l i q u i d  trapped between the  shut- 
The resu l t ing  
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f luorine gas gradually vented i t s e l f  t o  t he  downstream side of t he  valve assem- 
b ly  through the  rough seal formed between the  hemispherical plug and t h e  inner  
s ea t  ( A ) .  
seal mater ia l  during flow t e s t i n g  of t he  valve. 

A g l a s s - f i l l ed  Teflon sample, Fluorogreen E-600, was used as t h e  so f t -  

Soft- Seal Test Specimens 

Six sof t -seal  materials were invest igated f o r  compatibil i ty with l i q u i d  
f luor ine  under dynamic conditions. The t rade names and manufacturers of these 
materials are  l i s t e d  i n  t a b l e  ZI. The exact breakdown as t o  t h e  type and com- 
pos i t ion  of f i l l e r  mater ia ls  and blending agents of t he  f i l l e d  Teflon materials 
i s  proprietary.  

For t e s t  purposes t h e  materials were divided i n t o  two groups. Group 1 con- 
s i s t e d  of a nitroso-rubber specimen and two commercial g l a s s - f i l l ed  Teflon sam- 
ples, Fluorogreen E-600 and Fluorobram. I n  t h e  design of t he  t e s t  specimen re- 
ta iner ,  t he  pro tec t ion  of t he  sof t -seal  mater ia l  as well as the  minimization of 
i t s  exposed surface a rea  were provided f o r  by surrounding t h e  specimen with 
metal. Both t h e  minimum surface a rea  exposure and t h e  heat d i ss ipa t ing  charac- 
t e r i s t i c  of t h e  surrounding m e t a l  tended t o  i n h i b i t  a combustion reac t ion  (ref .  
3). 
system flow diagram f o r  group 1 are shown i n  figures 5(a) and (5). 
ta ined  bronze-, copper-, and n icke l - f i l l ed  Teflon specimens as well as a p l a in  
Teflon control  sample. The tes t  specimen configurations and the  t e s t  system f l o w  
diagram for t h i s  group a re  shown i n  f igures  5(c)  and (a). 
determine reac t ion  exposure limits, each of  these four  mater ia ls  was  used t o  make 
sea l s  of t h ree  geometric configurations with progressively increasing exposed 
surface areas .  The commercial un f i l l ed  Teflon tes t  specimens of a l l  th ree  con- 
f igurat ions were used as a standard f o r  comparison. The use of a flange-type 
housing i n  the  main test  sect ion allowed external  viewing of t h e  specimen and 
provided an e f f ec t ive  seal between the  specimen and t h e  flow l i n e .  Parallel 
t e s t  l egs  w e r e  u t i l i z e d  i n  order t o  minimize the  number of t i m e s  personnel 
would be required to enter  t he  c lose t  area.  

The tes t  specimen configuration, re ta iner ,  housing de ta i l s ,  and the  t e s t  
Group 2 con- 

I n  an attempt t o  

GEmERAL PROCEDURE 

To eliminate the  p o s s i b i l i t y  of a system f a i l u r e  due t o  t h e  in te rac t ion  of 
f luorine with contaminants, spec ia l  emphasis w a s  placed on the  cleaning technique 
followed i n  preparation of all lines and components used f o r  f luor ine  service.  
A descr ipt ion of this technique can be found i n  reference 4. I n  addition t o  pre- 
assembly cleaning of t h e  components, t he  procedure included a thorough solvent 
f lu sh  of t h e  completed system. This operation w a s  followed by several  cycles of 
helium gas purging and evacuation t o  remove remaining vola t i les .  

During the program, system maintenance consisted of t h e  following; 

(1) Period.ic helium gas pressure checks t o  ensure a continued leak-proof 
condition 
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(2) Thorough cleaning of all flow components added t o  the  system as w e l l  as 
all t e s t  hardware 

(3) S t r i c t  monitoring and maintenance of torque used on all flange b o l t s  
and bol ted valve bodies 

(4) Maintenance of a s l i g h t  pos i t ive  pressure within the  system when it w a s  
not i n  use t o  prevent entrance of moisture o r  airborne contaminants 

Before each se r i e s  of runs, the  system w a s  passivated by introducing fluo- 
r ine  gas at pressures between 20 and 30 pounds per  square inch gage and holding 
t h i s  condition f o r  a minimum time of 1 / 2  hour. This shortened "pickling" tech- 
nique was  based on f luor ide  f i l m  formation work reported i n  reference 5. Fluo- 
r ine  w a s  loaded by d i r e c t  t r ans fe r  from a 5000-pound l iqu id  storage t r a i l e r  i n t o  
one of the  system tanks m e r s e d  i n  l i q u i d  nitrogen. The quantity of f luorine 
loaded w a s  measured by observing the  i n i t i a l  and f i n a l  pressures of t h e  helium 
i n  the  tank. Af'ter each t e s t i n g  period was completed, t he  f luorine was pressur- 
ized back i n t o  the  storage trailer.  Unrecoverable f luorine w a s  allowed t o  vapor- 
i z e  i n  the  ba t t l e sh ip  tanks as the  liquid-nitrogen bath w a s  drained and then was 
vented through a charcoal reactor.  

For most of the  flow t e s t i n g  of hardware and materials i n  the  destruct ive 
t e s t i n g  closet ,  tank 1 was used as the  source tank f o r  l i qu id  f luorine and tank 2 
w a s  t he  receiver  (see fig.  2). Standard flow t e s t  procedure consisted of f i r s t  
venting both tanks and then making the  source tank and the  t e s t  sect ion common by 
opening shutoff valve M-1. Af'ter the  source tank was pressurized, f l o w  control 
valve M-2 was used t o  achieve a gradual increase i n  flow u n t i l  a desired steady- 
state value w a s  reached. When the  source tank was exhausted, the  main t e s t  sec- 
t i o n  w a s  i so l a t ed  from both tanks and was  thoroughly purged with helium. Fluo- 
r ine  was  then t ransfer red  from tank 2 i n t o  t h e  source tank through the  secondary 
t e s t  sect ion i n  preparation f o r  t he  next flow t e s t .  Departures f rom t h i s  gen- 
e r a l  procedure f o r  spec i f ic  tes t  configurations are l i s t e d  i n  the  following para- 
graphs. 

Quick- D i  sc onnec t Coupling 

I n i t i a l  f l o w  t e s t i n g  of t he  quick-disconnect coupling was  done with l i q u i d  
oxygen. Flow was  es tabl ished i n  the  standard manner previously described. The 
valving of t he  coupling was then closed, and t h e  halves were unlocked and sepa- 
rated.  Af'ter t he  reconnection and locking operations were completed, flow w a s  
reestablished by opening the  coupling valving. 

The procedure used during l iquid-fluorine t e s t i n g  d i f fe red  s l i g h t l y  from 
t h a t  used i n  the  liquid-oxygen runs. 
the  valving w a s  reopened, flow control  valve M-2 was  closed. The coupling valve 
w a s  then opened, and f l o w  was reestabl ished by opening M-2. 
procedure allowed a qua l i t a t ive  evaluation of t he  e f fec t  of any f r o s t  buildup on 
the  open disconnect faces. 

After reconnection of t he  halves and before 

This deviation i n  
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Soft-Seal Valve 

All data runs were commenced with the  t e s t  valve i n  the  open posit ion.  
After l iquid-fluorine flow was  established, t e s t i n g  of t he  sea l  configuration 
consisted of completely cycling the  valve as though it were a main flow con- 
t r o l l e r  between the  source and receiver  tanks. 

Soft-Seal Compatibility Tests (Group 1) 

Arrangement of t he  t es t  sect ion i s  shown i n  f igure  5Cb). 
un i t  consisted of a charcoal reac tor  f o r  immediate disposal of f luor ine  t h a t  had 
been passed through the  t e s t  section. Each l e g  of t h e  m a i n  t e s t  sect ion was run 
individually. 

The flow receiving 

FEXLTS AND DISCUSSION 

Qui ck- D i  s c onnec t Coupling 

Results of liquid-oxygen and l iquid-fluorine t e s t i n g  a re  given i n  t ab le  111. 

Liquid-oxygen tes t ing .  - I n i t i a l  disconnections of t he  uni t  were made at 
various liquid-oxygen flow ra t e s  and source tank pressures up t o  2.74 pounds pe r  
second and 108.8 pounds per  square inch absolute, respectively.  Malfunctions of 
t h e  un i t  during these t e s t s  were confined t o  those caused by insuf f ic ien t  t o l e r -  
ances ex is t ing  between the  ground-half valve guides and valve s t e m  and a l so  be- 
tween the  s l i d ing  dr iver  and ground-half housing surfaces. Valve stem malfunc- 
t ion ing  gave r i s e  t o  oxygen l i q u i d  and vapor leakage when the  coupling was  sepa- 
rated. The operation of t h e  dr iver  mechanism became progressively slower as the  
coupling cooled during liquid-oxygen flow periods. 
t he  dr iver  t o  ground-half housing occurred, t he  locking mechanism was  rendered 
inoperative. 

When complete freezing of 

After tolerances had been increased i n  both t rouble  areas, a f i n a l  s e r i e s  
of liquid-oxygen runs was  made. 
of the  locking mechanismj however, e r r a t i c  operation of t h e  valving i n  the  ground 
half  w a s  again encountered. 
ground-half valve guides and stem was  made preparatory t o  t h e  l iquid-f luorine 
t e s t s .  

These t e s t s  resu l ted  i n  sa t i s fac tory  operation 

A f i n a l  increase i n  the  tolerance between the  

Liquid-fluorine tes t ing .  - Seven runs were made w i t h  l i qu id  fluorine. Three 

I n  
of these included disconnecting the  coupling at various flow r a t e s  up t o  2.5 
pounds per  second and pressure d i f f e r e n t i a l s  up t o  23 pounds per  square inch. 
t h i s  s e r i e s  of t e s t s  t h e  receiver  tank pressure w a s  noted t o  be lower during t h e  
steady-state flow after the  reconnection than it w a s  during the  i n i t i a l  t r ans fe r  
period. 
function of the coupling valving. 
operation, the  "transferred" l i q u i d  i n  tank 2 had an opportunity t o  Pose the  heat 
picked up during the  i n i t i a l  f l o w  period. 
lishment of flow, t h e  pressure i n  the  receiver t a n k  remained at the  lower value 

This difference should not be misconstrued as an indicat ion of a m a l -  
During t h e  t i m e  of the  actual  disconnection 

After t h e  reconnection and reestab- 
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because of t he  precooled s t a t e  of  the  coupling and l ines .  

An indicat ion of t he  external  sealing eff ic iency of the  coupling was  ob- 
ta ined by recording a time his tory of pressure buildup i n  the  s t a t i c  labyrinth 
sea l  cavity. No pressure r i s e  w a s  measured over the  en t i r e  s e r i e s  of l iquid-  
f luor ine  t ransfers ,  which indicated t h a t  t h e  inner  s ea l  w a s  completely e f fec t ive j  
i n  addition, no external  leakage was observed at the  plane of separation of t he  
coupling during the  steady-state f l o w  periods. Escaping f luor ine  would have been 
noted because of i t s  charac te r i s t ic  color  and because of t he  formation of an 
opaque cloud of condensed and frozen moisture i n  the  surrounding air. 

l3y visua l  monitoring, qua l i ta t ive  information was obtained on how f r o s t  
buildup on the  open faces of t he  coupling would a f fec t  t he  reconnection and reuse 
capabi l i ty  of t h e  design. No allowances were made t o  subject these cold surfaces 
t o  conditions other than ambient when t h e  coupling w a s  separated (a control led 
condition would employ a method of forming a cur ta in  of i n e r t  gas across t h e  ex- 
posed labyrinth faces t o  prevent moisture condensation and freezing).  The aver- 
age time the  halves were allowed t o  remain separated during a disconnect opera- 
t i o n  w a s  5 seconds. Inspection of t h e  faces of both halves of t h e  labyr in th  sea l  
af ter  completion of the  t e s t i n g  revealed no etching o r  deposits due t o  t h e  f o r -  
mation of hydrofluoric acid or other f luorides .  

Liquid-fluorine sp i l lage  upon disconnection was  not v i sua l ly  detectable 
during operations. 
ground- or vehicle-half valving assemblies while t he  coupling w a s  separated. 
During these periods, source and receiver  t a n k  pressures were against  t he  ground 
and vehicle half ,  respectively.  

Also, there  w a s  no v i s i b l e  f luorine leakage from e i t h e r  t h e  

Results of t h i s  s e r i e s  of t e s t s  indicate  t h a t  t he  operation of the  quick- 
disconnect coupling i s  sa t i s fac tory  within the  range of imposed t e s t  conditions. 
It i s  recognized, however, t h a t  conditions encountered i n  ac tua l  vehicle launch 
operations w i l l  be more s t r ingent  and will require fu r the r  evaluation of t he  
hardware from several  standpoints. I n i t i a l l y ,  it i s  recommended t h a t  addi t ional  
work be d i rec ted  toward (1) evaluating the  inh ib i t ing  e f f ec t  on separation of t he  
coupling due t o  t he  heavy external  moisture condensation and freezing resu l t ing  
from extended flow periods and ( 2 )  determining the  e f f ec t  of vehicle or launch 
tower vibrat ions on the  external  leakage of the  coupling during flow periods. 
When the  results of these conditions have been determined, a more r e a l i s t i c  pre- 
d i c t ion  of t h e  performance of the  quick-disconnect coupling during an ac tua l  
launch operation can be made. 

Commercial Flowmeter 

Three runs were made with a commercial 1-inch rotating-vane flowmeter at 
l iquid-f luorine flow ra t e s  and pressures up t o  3 .52  pounds per  second and 60.4 
pounds per square inch absolute, respect ively ( t ab le  I V ) .  
w a s  sa t i s fac tory  over the  t e s t  period; inspection of t he  un i t  a f t e r  t he  t e s t i n g  
revealed no s t ruc tu ra l  damage or oxidation of the  components. 

Operation of the  meter 
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Test configuration 

Quick-disconnect coupling 

~~ 

Soft-seal valve 

Supplementary instrumentation 

Thermocouple in the ground-half 

Labyrinth seal cavity pressure tap 
inlet line 

Thermocouple in valve inlet line 
Valve stem position indicator 

Soft-seal specimens 
Group 1 

Group 2 

Thermocouple in test section inlet 
line 

in test section 
inlet line 

flange assembly inlet 
Static-pressure measurement at 

Material 

Group 1 
Nitroso rubber 

Fluor obr own 
Fluorogreen E-6 

Group 2 
Compound F-527 
Compound F-529 
Compound F-530 

TABI;E 11. - SOFT-SEAL MATERIALS 

Description 

High percentage nickel-filled Teflon 
High percentage copper-filled Teflon 
High percentage bronze-f illed Teflon 

Manufac t ur er 

Quartermaster 
Research and 
Engineering 
Command, 
U.S. Army 

John L. Do& Co. 
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Soft-Seal Valve 

The dynamic t e s t  conditions imposed on the  valve a re  presented i n  t ab le  V. 
The l iquid-fluorine flow r a t e s  and system pressures f o r  the  steady-state flow 
periods, before and a f t e r  t he  valve cycle w a s  performed, a r e  l i s t e d  f o r  each run. 
The design w a s  t e s t ed  at flow r a t e s  up t o  2.06 pounds per  second and a valve in- 
l e t  pressure of 9 7 . 6  pounds per  square inch absolute. 
t es t ing ,  t h e  valve sof t -seal  material  (Fluorogreen) w a s  inspected f o r  signs of 
erosion or chemical action. No oxidation or erosion of the sea l  w a s  observed. 
Because of the  sa t i s f ac to ry  performance of t he  materials i n  group 2 (discussed 
l a t e r )  under much more s t r ingent  l iquid-fluorine f l o w  conditions, no attempt w a s  
made t o  reevaluate specimens of these mater ia ls  i n  the  valve hardware. 

A t  t he  conclusion of t he  

Soft-Seal Test Specimens 

Group 1. - Specimens of all three of t he  materials i n  group 1 were t e s t e d  
i n  iden t i ca l  housings. The following qua l i ta t ive  r e su l t s  were obtained by v isua l  
examination of t h e  specimens a f t e r  tes t ing.  
surface decomposition over i t s  shielded area as w e l l  as over i t s  exposed annulus. 
A layer  of porous, gumlike parent mater ia l  covered the  e n t i r e  specimen. 
sure time w a s  6 1  seconds. After  178  seconds of exposure, t he  annulus of t he  
g l a s s - f i l l ed  Teflon (Fluorobrown) was p i t t e d  because of  the  erosive act ion of t h e  
f luorine.  
Fluorogreen E-600 showed no evidence of de te r iora t ion  a f t e r  53 seconds of ex- 
posure. 
dicat ions of t h e  compatibil i ty of each material with l i q u i d  fluorine.  

The nitroso-rubber sample suffered 

Expo- 

Approximately one-sixth of  t he  specimen w a s  l o s t  i n  t h i s  manner. The 

These r e s u l t s  were not meant t o  be conclusive but only t o  serve as in- 

Group 2. - The dynamic conditions imposed on the  mater ia ls  i n  group 2 are  
shown i n  t ab le  V I .  

A se r i e s  of runs was made on selected configurations of each mater ia l  i n  an 
attempt t o  determine i t s  compatibil i ty with l i q u i d  f luorine under increasing ex- 
posure and f l o w  conditions. Specimens of the three  configurations were t e s t ed  
i n  the  order of decreasing ins ide  diameters. 

Under v i sua l  examination a f t e r  exposure, ne i the r  chemical change nor f i b e r  
migration due t o  erosion was  observed. A comparison of t he  weights of t he  t e s t  
samples before and a f t e r  t e s t i n g  quant i ta t ively confirmed t h e  observation. Since 
no e f f ec t  was  measured, no conclusion could be made regarding the  inh ib i t ing  
e f fec t  on chemical react ion from addition of t he  metal f i l l e r s  t o  the  Teflon. 

The aforementioned r e s u l t s  t en t a t ive ly  indicate  tha t  l imited appl icat ion can 
be made i n  l iquid-f luorine systems of t he  so f t  sea ls  tested; however, fu r the r  
t e s t i n g  must be conducted t o  assure t h e i r  r e l i a b i l i t y  s t a t i s t i c a l l y .  
t e s t i n g  i s  completed, it i s  recommended t h a t  the  pr inc ip le  of l imited exposure 
of surface a rea  be adhered t o  as the  primary design c r i t e r i o n  i n  employment of 
these materials. 

Unt i l  such 

These l imited t e s t s  suggest considerable improvement i n  the  pu r i ty  and 
qua l i ty  of the  f luor ina ted  p l a s t i c s  over specimens previously t e s t e d  at t h e  , 
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Lewis Research Center ( r e f .  4). 
niques, these mater ia ls  mw prove t o  be su f f i c i en t ly  r e l i a b l e  and predictable  f o r  
use i n  rocket system components subject t o  a f luor ine  environment. 

With continued development of appl icat ion tech- 

SUMMARY OF RESULTS 

I n  an experimental evaluation of several  l iquid-f luorine flow-system com- 
ponents the  following r e s u l t s  were obtained: 

1. A prototype "quick-disconnect" coupling f o r  ground-to-vehicle t r ans fe r  
of l i q u i d  f luorine wits designed and t e s t e d  a t  various flow r a t e s  up t o  2.5 pounds 
per  second and pressure d i f f e r e n t i a l s  up t o  2 3  pounds per square inch. The de- 
s ign of t he  hardware proved sa t i s fac tory  under the  imposed t e s t  conditions. 
Operational features  of this  hardware include remote pos i t ive  control  of l iquid-  
f luor ine  flow during the  t r a n s f e r  operation, remote connection and separation 
capabi l i t i es ,  negl igible  l iquid-fluorine sp i l lage  upon disconnection of t he  coup- 
l ing,  and remote reconnection and reuse capabi l i ty  i n  case of an abort after the  

I i n i t i a l  coupling separation has been made. 

2. The operation of a commercially avai lable  rotating-vane flowmeter with 
I sapphire r ing  jewel ro to r  supports was  sa t i s fac tory  at l iquid-f luorine flow rates 

up t o  3.52 pounds pe r  second and pressures of 60.4 pounds per  square inch 
absolute. 

3. A valve configuration employing a sof t -seal  mater ia l  at the  f l o w  shutoff 
in te r face  w a s  designed, tes ted,  and found acceptable up t o  l iquid-f luorine flow 
rates of 2.06 pounds p e r  second and valve i n l e t  pressures of 97.6 pounds pe r  
square inch absolute. 

4. Limited appl icat ion of t he  sof t - sea l  mater ia ls  t e s t ed  can be made i n  
l iquid-f luorine flow l i n e s  provided t h a t  r e l i a b i l i t y  can be assured s t a t i s t i c a l l y  
from fu r the r  t e s t s  and i f  the  material i s  shielded and a minimum of surface a rea  
i s  exposed. 

Lewis Research Center 
National Aeronautics and Space Administration 

Cleveland, Ohio, March 27, 1963 
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TABLE 111. - TEST HISTORY OF QUICK-DISCONNECT COUPLING 

Final liquid-oxygen testing 

190 

t 
Liquid-fluorine testing 

1 

1 64.4 2.0 26.5 

i 

j 

j 

1 

Before disconnection 
After reconnection 

Before disconnection 
After reconnection 

Before disconnection 
After reconnectlon 

Condition Pressure in Flow Pressure in Quantity Remarks 
(steady state) tank 1, 1 rate I tank 2 flowed, 

Ilb/sq in. abs lb/se6 lb/sq in.’ahsl lb I I 
Initial liquid-oxygen testing 

29.0 

37.1 
37.1 

86.0 
86.0 

98.9 
98.9 

108.8 

108.8 
108. 8 

0.91 

1.14 
1.14 

2.37 
2.49 

2.56 
2.54 

2.74 

2.70 
2.59 

14.3 

14.3 
14.3 

14.3 
14.3 

17.6 
17.6 

22.6 

22.6 
22.6 

Compatibility run. Discomect coupling not separated. 

A quick initial separation and oxygen vapor cloud 
released upon opening locking finger mechanism. 

Before disconnection 
After reconnection 

Steady-state flow before disconnection achieved. 
Finger lock mechanism opened partially and then 
froze. No complete disconnection made. The 

1 force operating the locking device was increased. 

A quick initial separation and oxygen vapor cloud re- 
leased upon opening finger locks. Steady stream of 
vapor leaking by ground-half valve. 

Same as run 4. Locking mechanism operating slower. 

Before disconnection 
After reconnection 

Before disconnection 
After reconnection 

Before disconnection 
After first reconnection and 
before second disconnec- 
tion 

4fter second reconnection 

When halves of coupling were separated, the vapor 
leakage flow rate was considerably increased over 
that in run 4 .  

Steady-state flow before disconnection achieved. 
Finger lock mechanism opened and then froze. 
Leakage flow composed of both gas and liquid. No 
complete disconnection made. 

Compatibility run. Disconnect coupling not separated 

Lower flow rate after reconnection indicated ground- 
half valve stem was binding in its guides. 

2 Before disconnection I Af t er reconnection 85.4 
85.4 I ::;: I 17.6 

20.8 

3 Before disconnection 
After reconnection 

107.4 

108.8 

108.9 
108.9 0.31 22.0 

After reconnection and be- 
fore second disconnection 

After second reconnection and 
before third disconnection 

After third disconnection 

1.58 

2.09 

2.16 
2.50 

2.75 
2.75 

1.94 
2.01 

1.58 
2.01 

2.37 
2.50 - 

24.1 

23.4 

~ompatibility run. Disconnect coupling not separated. 

Same as run 1. 

Liquid-fluorine flow stopped by closing the coupling 

same as run 3 

valvlng. 

29.4 

36.3 

47.2 
47.8 

27.0 
26.1 

24.1 
23.4 

25.7 
20.6 

26.3 
23.5 

37.1 
32.2 

57.0 
57.3 

38.7 
37.0 

36.7 
35.7 

57.0 
55.4 
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~~ 

Condition 
(steady s t a t e )  

Before closure 
of valve 

After reopen- 
ing 

Before closure 
of valve 

After reopen- 
ing 

Before closure 
of valve 

After reopen- 
ing 

Before closure 
of valve 

After reopen- 
ing 

TABLE IV. - TEST CONDITIONS FOR 

ROTATING-VANEI FLOWMETER 

[Quantity flowed per run, 100 lb.  ] 

l i q u i d  f luorine,  
lb/sec 

~~~~~~ 

Pressure ( a t  
flowmeter i d e t ) ,  

lb /sq in. abs 

17 .1  

34.0 

CS-27 479 

TABLE V. - SOFT-SEAL VALVE TEST CONDITIONS 

[Quantity flowed per run, 104  lb .  ] 

Pre s sure 
i n  tank 1, 
.b/sq in. abs 

34.2 

41.2 

39.4 

51.7 

50.6 

71.9 

70.9 

104.2 

103.7 

Flow r a t e  

f luo r ine  , 
lb/sec 

of l i q u i d  

0.66 

0.94 

0.82 

1.24 

1.14 

1.49 

1.49 

2.06 

2.06 

Pres sure 
( a t  t e s t  

specimen), 
tb/sq in. abs 

32.7 

38.7 

36.5 

47.0 

47.0 

65.7 

64.5 

97.6 

97.6 

Pres sure 
i n  tank 2, 

Lb/sq in. abs 

19.4 

17.8 

22.4 

20.2 

21.0 

18.3 

19.9 

20.5 

20.8 

Remarks 

2ompatibility run. 
Test valve w a s  
not c yc led.  

lalve w a s  closed, 
held f o r  6 min- 
utes ,  and r e -  
opened t o  
e s t a b l i s h  flow. 

~ 

CS-27480 
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TABI;E VI.  - TEST CONDITIONS FOR SOFT-SW lWERIALS I N  GROUP 2 

Conf igura t ion  
(a )  

3/16-Inch re- 

(1.05-Inch I. D. ) 
cessed 

~~~~~ ~ 

3/16-Inch flush 
(0.82-Inch I.D. ) 

3/16- I n c  h 
o r i f  ice 

(0.56-Inch I. D. ) 

4at er i a1 

Copper 
Fi l led 
T e f l o n  

Bronze 
F i l l ed  
T e f l o n  

Nickel 
Fi l led 
T e f l o n  

T e f l o n  
C o n t r o l  

T e f l o n  
Cont ro l  

Copper 
Fi l led 
T e f l o n  

Bronze 
F i l led  
T e f l o n  

Nickel 
Fi l led 
T e f l o n  

T e f l o n  
C o n t r o l  

Pressure (a t  
;est specimen), 
lb /sq in. abs 

21.2 
23.4 
31.3 

19.8 
28.1 
34.5 

17 .3  
27.3 
38.1 

17.5 
31.5 
37.3 

17.6 
29.5 

46.3 
36.8 

22.3 
30.7 
40.2 
49.0 
sa. o 

20.6 
32.7 
60.3 

22.4 
32.8 
54.5 

20.0 
30.6 
41.7 
56.7 

Flow rate of 
Liquid f l u o r i n e ,  

l b / s e c  
(b 1 
0.82 
1.50 
2.05 

1.50 
2.05 
2.63 

1.08 
2.11 
2.59 

0.95 
2.00 
2.59 

1.05 
2.05 
2.63 
3.24 

1.05 
1.89 
2.54 
2.94 
3.33 

0.81 
2.11 
3.50 

0.66 
2.05 
3.50 

1.05 
1.89 
2.74 
3.50 

Reynolds 
number 

:at t es t  
spec ime n : 
1. O9xlO5 
1.98 
2.71 

1.98 
2.72 
3.48 

1 .43  
2.80 
3.44 

1.26 
2.64 
3.42 

1.35 
2.64 
3.39 
4.18 

1.99 
3.61 
4.85 
5.57 
6.29 

1.55 
3.98 
6.65 

1.28 
3.92 
6.72 

1.98 
3.57 
5.18 
6.64 

Velocity ( a t  
,est specimen),  

f t /  see 

2.43 
4.43 
6.05 

4.43 
6.07 
7.77 

3.19 
6.24 
7.66 

2.81 
5.90 
7.64 

3.06 
5.96 
7.65 
9 .43  

6.57 
ll. 87 
15.96 
18.39 
20.77 

5.09 
13.16 
21.90 

4.19 
12.87 
22.06 

6.55 
11.78 
17.08 
21.90 

a 

b Q u a n t i t y  flowed on each run was 100 pounds. 

Flange assembly inside diameter was 0.82 inch. 
CS-27481 
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A, Chamber 
B, Driver 
C, Locking finger 
D, Ground-half valve seat 
E, Vehicle-half valve stem and trim 
G, Vehicle-half loading spring 
I, Vehicle-half valve seat 
J, Inner V-ring seal 
L, Outer V-ring seal 
M, Ground-half valve trim and stem 
N, Ground-half loading spring 
0, Slider with internal spider 
Q, Ground-half housing 

(b) Disconnected phase. 

( c )  Halves mated and locked. 

3 
~ 

/Emzq 
(d) Vdving open for flow. 

Figure 3 .  - Concluded. Liquid-fluorine quick-disconnect coupling. 
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I 

I 
I 

\ Flow 

I 

1 
( a )  Group 1 specimen, r e t a i n e r ,  

and housing d e t a i l s .  

I l l  

& 
Tank 1 

(b )  Schematic of t e s t  s ec t ion  f o r  group 1 mate r i a l s .  

3/16" Typ. 
T r F l a n g e - t y p e  

Recessed 
configurat ion 

, housing " "  

Flush 
configurat ion 

- 

Thermocouple7 
/ 

. .  . .  . . . .  . . . .  . . . .  . . .  . . . .  . .  . .  I' 
I 

Pressure t -  \ I 

+ I .. Flange assemblies 4 
I 

transducer 

I 

O r i f  i c e  
configurat ion 

(c) Group 2 specimens and 
housing d e t a i l s .  

& 
Tank 1 

Pres sure  
t ransducer  Tank 2 

/CD-7435/  

( d )  Schematic t e s t  s ec t ion  f o r  group 2 s e a l s  

Figure 5. - Soft s ea l s .  
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